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SUMMARY 
Two hundred seventy-three Jonathan seedlings produced by 11 
crosses form the basis of the records in this bulletin. 
These studies show clearly that the progenies produced by the 
different crosses of Jonathan differ or vary in many important char-
acteristics. These variations are attributed to differences in the 
genetic constitution of the Eeveral varieties which were used in 
combination with Jonathan, and indicate the relative value of these 
varieties as parents when crossed with Jonathan. 
The range of variation in the seedlings of these progenies is gen-
erally quite wide both as to tree and fruit. Differences in the horti-
cultural characteristics such as occur in size, form, color, flavor, 
quality and season of the seedling fruits suggest that multiple fac-
tors are concerned, which produce the many variations observed. 
Jonathan appears to carry as partially dominant factors for medi-
um and below medium size of fruit, but it evidently carries factors 
also for large and for small size. Factors for roundish, conic, ob-
late and oblong fruit forms are present. Jonathan appears to be 
homozygous for red skin color but is heterozygous for pattern and 
carries factors for both fine and coarse grained flesh, for juiciness, 
for both acid and sweet flavor and for very good as well as for poor 
quality. The factors which control the season of the fruit are evi-
dently complex. Jonathan appears to carry factors for season vary-
ing from late summer to late winter but probably carries as domi-
nant the factors for mid-winter season. 
It is of importance to observe that the color, size and flavor of 
Jonathan were recovered occasionally and that these characteristics 
were combined with the characteristics of the other parent variety. 
Colora·do Orange produced a higher percentage of fruits of good 
commercial size than did Salome, Anisim or Roman Stem when 
crossed with Jonathan. When crossed with Jonathan, Salome pro-
duced the highest percentage of fruit rating good and very good, 
followed in order by Colorado Orange, Anisim and Roman Stem. 
Late season appeared most often in the seedlings of Colorado Orange 
and Salome, while Anisim and Roman Stem produced no late season 
apples. The value of crossing two red apples is shown by the high 
percentag.e of good red seedling fruits produced by Anisim and 
Wealthy when crossed with Jonathan. It is interesting to note that 
Colorado Orange and Roman Stem produced a high percentage of 
seedling fruits which were deficient in good red color. 
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Apple Breeding: A Study of Jonathan Crosses 
By H. L. LANTZ* 
The present apple breeding project work of this station was 
initiated in 1906, with the following objectives in view: 
1. A study of the inheritance of genetic characters in the 
apple. 
2. '1'he origination of hardy red winter apples of standard 
quality adapted to the needs of central and northern Iowa and 
other regions with comparable climatic conditions. 
In the initial breeding work a large number of varieties pos-
sessing such characteristicl? as hardiness of trec, red color, late 
season and standard quality were crossed. 
Beginning in 1906 and continuing until 1910, many crosses 
were made.** Seedling trecs were secured from 120 combina-
tions of parent varieties, involving 43 seed parents and 50 
varieties used as pollen parents. In a study of this kind, the 
following questions are naturally presented: 
To what extent are the different apple varieties prepotent 
for fruit of good size, good color, good quality and late season, 
and for hardy, healthy and vigoroes trees ? What are the 
limits of variation in the apple ~ Will it be possible by cross-
ing different varieties to combine desirable horticultural char-
acteristics and thus produce hardier, red winter apples of 
standard quality ~ Can desirable combinations be obtained in 
the first generation cross, or will it be necessary to employ 
inbreeding' to intensify characteristics before it is possible to 
segregate and recombine red color, good quality, late season 
and hardiness of tree ~ 
Some of these questions are answered in part by the work 
that has been done to date , but it is emphasized that this is a 
preliminary report. In most crosses there arc obviously too 
few seedlings to warrant definite conclusions as to the inheri-
tance of characters. It is deemed worthwhile, however, to pre-
sent what has transpired in each cross. The data which follow 
give a picture of the results secured and indicate clearly that 
certain of the varieties when crossed with Jonathan are far 
"'The present apple breeding project was initiated in 1906 by the late Professor S. 
A. Beach. Chief in Horticulture, 1905-1922. It was the privilege of the author to be 
associated with Professor Beach in this work from 1917 to 1922, and full acknowl-
edgement and credit are J,!Tatefully given to Professor Beach who, with a broad vision 
for the futuloe of the horticulture of the upper Mississippi Valley. originated, planned 
and directed the details of the work until the time of his death, November 2, 1922. 
··The crossing work was done in orchalods lccated at Ames, Williamsburg, Charles 
City. Aredale and Stor,m Lake. The stat;on is grateful for the generous cooperation 
of the orchardists who assisted in the work by making available many desirable varie· 
ties which were not growing in the college orchard at Ames. 
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superior to others in the production of desirable seedlings. It 
seems equally clear that what has transpired in this experi-
ment might reasonably well be expected to happen again were 
these crosses to be repeated. For example, these studies indi-
cate that if it were the purpose of an experiment to breed good 
quality apples, there ·would be justification in the use of Sa-
lome x Jonathan rather than Roman Stem or Walbridge in 
combination with Jonathan. Likewise, a high percentage of 
small, early-season fruits could be expected if Anisim were 
crossed with Jonathan. If attractive red color were desired, 
the value of crossing Anisim and Wealthy with Jonathan is 
demonstrated. 
METHODS AND MATERIALS 
All of the crossbreeding work was performed under field 
conditions in the orchards. 'l'he seedlings were grown in the 
nursery until large enough for transplanting. In 1909 and 
1910 scions of most of the seedlings were topworked on stock 
trees. The original trees were later transplanted to orchard 
positions in 1912, 1913 and 1915. The stock used for topwork-
ing consisted largely of seedlings, some of which were cross-
bred, and in each case one or more branches of the stock was 
permitted to grow for fruiting purposes. From two to five or 
six crossbred seedlings were topworked on each stock. This 
practice of topworking promoted early bearing, but rendered 
it practically impossible to make satisfactory studies of the 
tree characters, as all seedlings did not have an equal oppor-
tunity for full development on the stocks. At any rate, a con-
siderable number of seedlings when topworked failed to de-
velop satisfactorily, while the original trees of these same 
seedlings frequently proved to be vigorous. Close planting, 
9x18 feet, was practiced in all the seedling orchards. 
The trees which grew from the seed planted in 1907 were 
calipered and graded in the spring of 1912. The trees were 
measured in sixteenths of an inch, and each tree was graded 
in one of the four following classes: very good, good, fair and 
poor. These data are included in tables which accompany the 
discussion of each cross. The discussions concerning the ma-
ture trees are purposely made general, inasmuch as the trees 
were not all planted at the same time or on the same soil 
types. The fruits described were obtained from either the top 
grafted seedling, or from the original tree, or from both 
sources whenever possible . 
. STUDIES ON SEEDLING FRUITS 
It is important in the beginning to recognize that certain 
physical as well as genetic factors exert a profound influence 
upon crossbred apples. It has not been possible to fruit all the 
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seedlings the same year and thereby eliminate certain seasonal 
variations in size, color and quality. Every year is not a 
"good apple year." Seasonal conditions affect size, color, 
quality and season of fruit. It has therefore been the policy 
to fruit the seedlings two or more years for the purpose of 
securing accurate descriptive data. 
Horticulturists in general recognize that all apple varieties 
do not thrive equally well under varying environments. It 
is not uncommon to observe that size, form, color, quality and 
season are characteristics which may be considerably changed 
when grown in different regions. Each seedling may be sub-
ject to variations more or less profound, in just the same ways 
as varieties are affected. It is not unlikely that a considerable 
percentage of the seedlings of any line of breeding is not 
growing in an environment where opportunity for full develop· 
ment is afforded. 
In breeding apples it is necessary to use those varieties 
which seem from their phenotypic makeup to be best suited 
for the purposes in mind. Practically all of our best known 
varieties are of unknown parentage, and their progenies cer-
tainly demonstrate their hybrid inheritance. There is no 
known genetic purity for most of the factors in any variety. 
Mixed inheritance for vigor, hardiness, size, color, quality and 
season of fruit is evident in all lines of breeding studied here. 
This report deals with the prepotence of varieties in the 
transmission of valuable horticultural characteristics and indi-
cates which parents and parental combinations produced de-
sirable trees and fruits, as compared with those which did not 
produce satisfactory seedlings. 
The fruits were classified according to size, form, color, flesh 
characteristics and season. An arbitrary but definite stand-
ard, outlined below, was followed: 
Size: 
( 1 ) 
(2) 
(3) 
( 4 ) 
( 5 ) 
Form: 
(1) 
(2 ) 
Color: 
(1) 
(2 ) 
Flesh : 
(a) 
(b) 
Large: 3" or more in diameter 
Above medium: 2 %, "-3" 
Medium: 2 % "-2%," 
Below medium: 214"-2"% 
Small: 214" and smaller 
Parental: resembling one or other parent 
Non-parental 
Parental 
Non-~arental 
(c) Texture 
Color (1) 
( 1 ) White (2) 
(2) Yellow (3) 
Firmness (d) Grain 
(1) Firm (1) 
(2 ) Medium (2 ) 
(3) Soft (3) 
Tender 
Medium 
Tough 
Fine 
Medium 
Coarse 
(e) 
(f) 
Juiciness 
( 1) 
(2) 
(3) 
Flavor 
( 1) 
(2 ) 
Ju icy 
Medium 
Dry 
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Quality: 
(1) 
(2) 
(3) 
(4) 
Sweet Season: 
Very good 
Good 
Fair 
Poor 
Mild (1) August 
su b-acid (2) September-October 
(3) Sprightly (3) November-December 
su b-acid (4) January-March 
(4) Sour (5) March and later 
An indelible pencil sketch of a longitudinal section of each 
seedling was made a part of the record, to show the size, gen-
eral outline of form, shape and position of core and the calyx 
tube. 
In order to simplify interpretation of the results as few 
groups as possible have been used in classifying seedling ap-
ples. Size, for instance, has been divided into a few well de-
fined groups rather than into many groups ·with smaller differ-
ences between the groups. 
Size. Size ratings were based upon experienced judgment 
and measurements. Size varied from season to season accord-
ing to favorable or unfavorable growing conditions, amount 
of crop and condition of the tree. In general, the size prevail-
ing in favorable seasons was used as the basis of comparison. 
Form. Form is more or less variable. It often changes with 
size of fruit but is more fixed than size and color. Parental, 
as opposed to non-parental forms, were classified and tabu-
lated. For a study of inheritance of form the fundamental 
form classes appear to be four in number. Downing* recog-
nized the following four fruit forms as fundamental: conic, 
oblate, oblong' and roundish. rrhese form types were used in 
the tabulations in preference to a large number of classes 
which may be employed thru the use of descriptive adjectives. 
Color. Color studies are difficult, since color may vary with 
season, size of fruit and crop borne. Many genetic factors that 
are little understood seem to be involved in the transmission 
of colors in apples. Parental and non-parental resemblances 
were noted and classified. The outstanding variants were de-
scribed. Altho little is known about the genetic factors which 
determine the pattern and tone of color in apples, still it ap-
pears possible to classify certain varieties as homozygous or 
heterozygous for the major contrasting red and yellow colors. 
Flesh. Flesh color appears to be white and yellow, with 
yellow varying in intensity from pale yellow to greenish. Ten-
derness and toughness, fine grain and coarse grain, juiciness 
and dryness, are contrasting pairs of characters which are 
often considerably modified as the season advances. 
-Downing, A. J. The Fruits and Fruit Trees of America . 1870 , second revision, 
John Wiley & Son, New York. 
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Texture of flesh may be modified by physical factors such 
as size of fruit, maturity and stage of ripeness. Therefore, 
gradings must necessarily be based on judgment which takes 
into account as many of the physical variables as possible. 
In general there are three classes: those which are distinctly 
tender, those which are tough and a medium class which falls 
between the two extremes. 
The grain of the flesh is referred to as fine, medium or coarse. 
Obviously it becomes a difficult matter to say where one class 
begins and the other leaves off. Grain is affected, in much 
the same way as is texture, by the physical factors such as size 
of fruit and maturity. It is not difficult, however, to classify 
fine grain as opposed to coarse grain. Coarse grained sorts 
exhibit many deg-rees of coarseness. Fine grained apples are 
typified by such varieties as Grimes and McIntosh, and coarse 
grained varieties by Oldenburg and Northwestern Greening. 
Juiciness. '1'he quality of an apple is dependent to quite a 
large extent upon the amount and character of its juice. The 
acid, sugar and other constituents which make up flavor are 
largely soluble in the juice. Varieties differ quite markedly 
in amount of juice. Seedling apples vary even more. In these 
studies the fruits have been classified as very juicy, medium 
and dry. 
Varieties such as Jonathan and Wealthy are classed as 
" juicy." Grimes and Northwestern Greening' are "medium 
juicy," while Ben Davis and Roman Stem are classified as 
"dry. " Seedling fruits are often observed which are mark-
edly less juicy than Ben Davis. In these studies most of the 
seedlings which were classified as dry, carry distinctly less 
juice than does Ben Davis. Juice ratings are often difficult 
to make with accuracy, but despite errors in the tabulation 
such data are valuable in planning further breeding work. 
Four classes of flavors are recognized: sweet, mild sub-acid, 
sprightly sub-acid, and sour. 
Quality. Quality is that all inclusive thing which takes into 
consideration most of the flesh characteristics. Quality ratings 
were made by comparison with standard varieties. Very good, 
good, fair and poor are distinctive classes. Naturally the 
quality of individuals falling within anyone class may vary 
more or less. The best among' those rated as "very good " are 
superior to the lowest quality apple placed in the same group. 
The same applies to the other classes. There is naturally a 
great range for quality and the gradations are slight, but since 
quality ratings must be made by judgment it was deemed de-
sirable to construct classes of sufficient flexibility to embrace 
those horticultural conceptions of quality now recognized. 
Good quality has long been accepted as a rating for an ordi-
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nary or medium class of apples, which, though not of high 
quality, is nevertheless good enough to meet the demands of 
certain market requirements. 
Season. August, September-October, November-December, 
January-March, March and later are the season classes adopted 
in these studies. 
The classification of season is always subject to seasonal 
variations which may alter the time of ripening considerably. 
Varieties differ in length of season. Some may be useful only 
for a short time after reaching prime maturity, while others 
maturing at the same time may keep considerably longer. At 
the best, season ratings are relative, for many conditions may 
enter to modify the ratings from year to year. Latitude af-
fects the normal season greatly. For instance, Brilliant grown 
at Ames is a September apple, but it becomes a Christmas 
apple when grown farther north. Summer and fall sorts, how-
ever, are easily classified when compared with late winter 
sorts. 
PROGENY OF JONATHAN 
In this report certain characters of 273 seedlings of 11 J ona-
than combinations are tabulated and discussed. Comments on 
three additional combinations are included. 
The table at the bottom of this page lists the Jonathan crosses 
reported on in this paper. 
Jonathan is the most popular and profitable red winter 
apple of high quality grown in Iowa. It is rated as one of the 
half-hardy varieties. When planted on the flat lands of cen-
tral and northern Iowa, it suffers considerable winter injury 
in most locations. It is, however, very well adapted to the 
loess soil types found in many sections of southern Iowa. 
Here the trees are productive, and fairly long lived. 
As a phenotype Jonathan appears to be a highly desirable 
sort to use in breeding apples. It comes into bearing quite 
young, is productive, the fruit is of beautiful red color, and 
few varieties are superior to it in quality. In cold storage it 
Parentage 
Salome x Jonathan . 
Colorado Orange x Jonathan _ 
Anisim x Jonathan and reciprocal . 
Roman Stem x Jonathan .. .... . . 
Wealthy x Jonathan ........... . 
Patten No. 20 x Jonathan . 
Winesap x Jonathan .. __ ....... . 
Walbridge x Jonathan ....... . 
Stayman x Jonathan _._ ... . 
1 
...................................................... · ...... 1 
.... ....... . .. 1 
··1 
. ............................................... 1 
. ....... ········1 
. ........1 
···-1 
····-1 
. . . . . . . . . . 1 
Mountain Beet x Jonathan . 
Black Ben Davis x Jonathan 
Delicious x Jonathan 
. ... .. . . ·····························1 
Sheriff x Jonathan .. . ..................... . 
· .. 1 
I 
i 
1 
No. fruits 
described 
111 
41 
38 
31 
7 
6 
10 
14 
4 
1 
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Fig. 1. Progeny of Salome x Jonathan growing in the nursery row. Note varia-
tion in vigor and habit of growth. 
keeps well until mid-winter and sometimes into February. In 
addition to its good qualities, however, it is subject to a num-
ber of rather serious and costly defects. The fruit often lacks 
good commercial size, may drop from the tree prematurely and 
is subject to serious storage troubles such as "Jonathan spot," 
"soft-scald" and "internal break down. " The tree is dis-
tressingly subject to "fire blight" and is lacking in desirable 
hardiness. A Jonathan, hardy as Oldenburg, free from blight 
and storage defects, is an ideal worthy of the efforts of fruit 
breeders. 
Jonathan has proved to be one of the best parents used in 
the breeding work of this station. The progeny of each of the 
11 combinations of Jonathan differ in many important char-
acteristics. These differences are discussed and the data tabu-
lated for each progeny are presented with the discussions. 
These studies are not presented as a final analysis of the prob-
lems of inheritance, but rather as information which, it is 
hoped, will be of value. 
SALOME X JONATHAN 
Salome is a winter apple of Illinois origin, which has proved 
to be moderately hardy and productive thruout most sections 
of Iowa, but which does best on the lighter soil types of south-
ern Iowa. The trees are healthy and in hardiness rate above 
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TABLE I. CLASSIFICATION OF SIZES AND GRADES OF SALOME X JONATHAN 
SEEDLING TREES IN In2 
Size Grade 
Caliper in No. Percen- NQ. Percen-
16th inches trees tage Grade trees tage 
I 
-4 38 19.5 I Very poor 14 7.2 
5-6 23 11.8 I Poor 34 17.4 
"7-8 60 30.8 I Fair 58 30.0 
9-10 31 16 .0 I Good 74 38.2 
11-12 29 15.0 I Very good 14 7.2 
13-14 11 5.6 I 
i5-1S 2 1.3 I· 
I 
Total 194 I. 194 
Jonathan. The fruit is a little larger than Jonathan, rating 
medium and above as grown at Ames. It is conic in form. 
When well colored it is mottled and washed with a medium to 
bright red over most of the surface, but it lacks uniformity 
of color, many specimens being p~le red or nearly lacking in 
red color. The flesh is very firm, yellow, moderately tender, 
Qf medium grain, juicy, S'prightly sub-acid, of good quality 
and the fruit keeps until April or May. 
Salome was crossed with Jonathan in 1906, and 210 seed-
lings grew in 1907. In 1909 most of them were topworked on 
stock in the trial orchard. In 1912, 144 of the original trees 
were planted to orchard positions, and 111 seedlings have 
fruited sufficiently to be described. 
The data concerning the size and grade of the trees of 
Salome x Jonathan presented in table I show that nearly half 
(45.4 percent) of these trees rated good and very good in the 
nursery at the time of transplanting. The progeny of this 
cross did not rank high in average vigor and, as orchard trees, 
were not as vigorous as some of the other crossbred progenies. 
However, a number of these proved to be vigorous, healthy and 
TABLE II. CLASSIFICATION OF EXTERNAL CHARACTERISTICS OF 
SALOME X JONATHAN SEEDLING FRUITS 
Size FOl'm Color 
I Per- I I I Per- I I I Per-Measure I No. cen- I Description I No. cen- I Description I No. I cen-
I fruits l tage I I fruits I tage I I fruits I tage 
I I I I I I I I 
I I I Resembling I I I Resembling I I 
i 2 I 1.8 I Jonathan i 41 1 37 . 0 iJOnathan i 65 1 58 . 6 
I I Resembling I I I Resembling I I 
Above medium I 5 I 4.5 Salome I 32 I 28 . 8 I Salome I 29 I 26.1 
Large 
I I I I I! I I 
Medium I 29 I 26.1 Oblate I 21 I 18.9 I 'AI red blushed I 5 I 4.5 
I I I I I I I I 
Below medium I 51 I 46.0 I Oblong I 17 I 15.3 I % thin pale red l 8 I 7.2 
I I I I I I I I 
Small I 24 I 21. 6 I I I % dull rcd I 4 I 3.6 
I 1.1 I I I I I 
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good in habit. There were trees at the other extreme which 
were weak and never reached fruiting age. This range of 
variation probably indicates that a complex heterozygous con-
dition exists with respect to vigor in both parents. 
The description of size in the fruits of Salome x Jonathan 
is shown in table II. Approximately one-third of the fruits 
were of commercial size, that is, large, above medium and 
medium, while the other two-thirds were smaller. 'l'here is an 
apparent partial dominance of factors for small fruit, which 
suggests a cumulative effect of these factors in the seedlings. 
The parent varieties also appear to carry factors for good com-
mercial sizes. Both parents as grown at Ames usually run 
medium or below in size. It is interesting to note that 26.1 
percent of the seedling fruits of Salome x Jonathan were me-
dium and 46 percent were below medium, making a total of 
72.1 percent which rated like the parents. Twenty-one per-
cent were smaller than either parent, and 6.3 percent rated 
larger than the parents. These results suggest that both par-
ents should be crossed with varieties which carry a larger pro-
portion of factors for large fruit size than is carried by either 
Salome 
Jonathan 
'.2.3/1~ 1 
52/.0. 
Fig. 2. The variations in the s ize and form of the seedling fruits of Salome x Jona-
than were quite wide. The largest fruited seedling was 208/ 101. while 52 / 101 is typi-
cal of the small s ized fruits which app<ared. In form. 28.8 percent of the fruits re-
sembled the Salome parent, 37 percent resembled Jonathan, while 15 .3 percent were 
oblong. resembling 23/ 101 and 18 .9 percent were oblate resembling 19/ 101. 
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Salome or Jonathan if a larger percentage of good sized fruits 
is desired from the seedling progeny. 
Fig. 3. Bunching of fruit is a characteristic often 
observed in seedlings of Salome x Jonathan. 
In form, 41 of the 
seedling fruits resem-
bled Jonathan more 
or less distinctly, 32 
were like Salome and 
38 were different 
from either parer~t. 
Of the non-parental 
form types, 21 were 
oblate, and 17 were 
oblong. Summing up 
the parental form 
types as against the 
non-parental, a total 
of 65.8 percent of the 
seedlings resembled 
the parents more or 
less distinctly, while 
the other 34.2 percent 
were unlike either pa-
rent. Both parents 
very likely carry fac-
tors for both oblate 
and oblong types. Sa-
lome, however, evi-
dently carries more 
factors for oblong form than does Jonathan, since highly pro-
nounced oblong forms did not appear in any of the other J ona-
than crosses. Ribbing and irregularity of form cropped out oc-
casionally, but smoothness and regularity are characteristic of 
the seedling fruit of the Salome and Jonathan cross. 
·The seedling fruits of Salome x Jonathan were all red; 58.6 
percent resembled Jonathan, 26.1 percent r esembled Salome, 
while 15.3 percent resembled neither parent in color. J ona-
than type of color appears to be dominant over the Salome 
type. In many cases the seedlings classed as r esembling J ona-
than did not carry as much good red color as does Jonathan, 
but the parental resemblances were quite apparent. Three 
types of non-parental colors were classified. Five seedlings 
were pale greenish yellow with a thin self-colored pinkish red 
blush covering about one-third of the surface. Eight of the 
seedlings were two-thirds covered with a thin pinkish red, 
and four were two-thirds covered with a dull solid red. 
These data suggest that both parent varieties carry factors 
for solid red and for striping. Here, as in other crosses of 
No. 
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TABLE III. CLASSIFICATION OF THE FLESH CHARACTERISTICS OF 
SALOME X JONATHAN SEEDLING FRUITS 
Color 1 Firmness 1 Texture Grain 
~ s ~ S 
.t: E !l 
" 
.. 
" " oS s :a '" i .. " i :c Qi ~ 
" 
~ 0:: 
" 
C 
~ ~ ;l'l 0 ~ ;l'l ~ ~ ;l'l >< rn 
.. 
~ 
~ 
U 
1 I 1 
o 1 111 1 62 1 49 
! 1 1 1 1 1 
o i 43 1 53 1 15 1 19 1 65 1 27 
1 I 1 1 1 I 1 1 I I 
Percentage o 1 100 1 55. 8 1 44.2 1 o 1 38.8 1 47.7 1 13 . 5 1 17.1 I 58.6 I 24.3 
Juice I Flavor 1 Quality 
.... 
.. '8 
s ~:s 0 
" 
.. 
.. 
" 
..., 
'" .. ~ i t ~'" .. .. '8 .. .. " .. .;::..0 .. £ ·S .. ~ ii .~ " " 0 .; ., ;l'l ~ rn <>." 0 > 
" 
r.. rnOl rn 
1 1 I 1 1 1 I 1 1 1 1 
No. I 71 1 32 1 8 1 29 1 26 I 52 1 4 1 13 1 50 1 43 1 5 
1 1 I 1 1 1 I 1 1 
Percentage 1 64 1 28 . 81 7 . 2 1 26 . 2 123 . 4 1 46. 81 3.6 1 11.7 1 45 
1 1 
1 38 . 8 I 4 . 5 
Jonathan, the evidence indicates that Jonathan is homozygous 
for the major red color factors and does not carry factors for 
yellow color. These findings are in accordance with those of 
Wellington· . 
The outstanding flesh characteristics of the seedling fruits 
of Salome x Jonathan are firmness of flesh, desirable juice, 
sprightly sub-acid flavors, good quality' and late season. No 
white fleshed and no soft fleshed fruits appeared, while tough-
ness, coarseness and dryness cropped out in 13.5, 24.3 and 7.2 
percent of the fruits, respectively, which indicates the reces-
sive nature of these undesirable characteristics in this com-
bination of parents. 
In flavor, nearly half (46.8 percent ) of the fruits were 
sprightly sub-acid, while pure sweet apples appeared in 26.2 
percent of the seedling fruits. Mild sub-acid apples appeared 
in 24.4 percent and sour appeared in 3.6 percent of the fruits. 
Acid is dominant over sweet and in this cross appears in a 
ratio of approximately 3:1. Since sweet flavor seldom ap-
pears in other crosses of Jonathan in any such simple recessive 
condition, it is likely that sweet and acid are dependent upon 
a number of factors. There were many degrees of acid appar-
ent in these seedling fruits, and such continuous variation is 
doubtless due to the recombinations of many factors for flavor, 
which are carried by the parent varieties. 
More than half (56.7 percent ) of the seedling fruits of 
Salome x Jonathan were good or very good in quality, 38 per-
cent were fair and only 4.5 percent rated poor. Insofar as 
quality alone is concerned, Salome and Jonathan seem to sup-
·Wellington. R. An Exoeriment in Breeding Apples II. N. Y. Agr. Exp. Sta. 
(Geneva) Tech . Bul. 106. 1924. 
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TABLE IV. CLASSIFICATION OF THE SEASON OF SALOME X JONATHAN 
FRUITS 
Sea·son AuI'. Sept.-Oct. Nov.-Dec. I Jan.-March March 
I 
No. 31 I 64 14 
I 
Percen tage. 0.9 0.9 28 I 57.6 12 .6 
plement each other and bring together in the crosses those 
factors which combine to produce a high percentage of seed-
ling fruits of good and very good quality. 
Late keeping apples constituted two-thirds of the seedling 
fruits of the Salome x Jonathan crosses, while 28 percent rip-
ened in early winter. One seedling fruit was of August season, 
and one ripened in September-October. In this cross winter 
and late winter season factors are dominant. It is also evident 
that one or both parent varieties are heterozygous with respect 
to the factors determining season. 
PRACTICAL RESULTS 
. Two seedlings of this line were named. Secor (47/ 101 ) and 
Edgewood (155/ 101) are red winter apples of very good qual-
ity and are worthy of trial in Jonathan regions. Both of these 
varieties hang on the tree bettel~ than Jonathan and appear 
to be free of Jonathan-spot. 
Ames numbers have also been given to 22 Salome x Jonathan 
seedlings, 10 of which have been marked for further trial and 
the rest I)ave merit for further crossing experiments. Most of 
theseediings of Salonie x Jonathan hung well until fully ma-
ture. Salome hangs well to the tree, and the seedlings fol-
lowed this habit. Long stems were much in evidence thruout 
tht) series, and late maturity of fruit on the tree was a striking 
characteristic of this line. Both annual and biennial bearing 
seedli'ngs appeared. The habit of bearing fruit in large clns· 
tel'S both on terminals and on long spur-like laterals was often 
observed. Some of the seedlings have been productive to a 
fault, and the opposite condition also appeared. 
Jonathan-spot and soft scald, two serious defects of J on a-
than, cropped out in a few seedlings, indicating the recessive 
mtture of these physiological troubles. Jonathan very likely 
transmits these defects. 
COLORADO ORANGE X JONATHAN 
.• j) ' 
Oolorado Orange was used as a parent on account of its good 
quality, late season and its apparent hardiness as grown in the 
H. J. Kyle orchard at Aredale, Butler County, Iowa (Latitude 
4.2.5° N. ) The trees planted by Mr. Kyle wer e purchased for 
Grimes but proved to be Colorado Orange. This waS probably 
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Jonathan 
32/6600 
Fig. 4. The seedling fruits of Colorado Orange x Jonathan varied in s.ize from 
large, as in 51 / 6600, to small as in 55 / 6600. In form 58.6 percent favored the Colo-
rado Orange, 31.7 percent favored Jonathan, while one fruit was roundish oplong as 
in 45/ 6600 and three were con ic and ribbed. Note 32 / 6600, which is an excellent ex-
ample of Jonathan form in eveJ'y detail. ' . 
a fortunate substitution, since Aredale is well north of the 
nOl'thcrn limits for Grimes in Iowa. At any rate, the Colorado 
Orange 'trees compared well in hardiness with Wealthy and 
Northwestern Greening. " " 
Colorado Orange is only moderately productive, is l'oundish 
spreading in habit and quite twiggy. It is ;moderately vigor-
ous and bears abundant foliage. The fru~t runs from medium 
to large in size, is oblate in form, distinctly ribbed, greenish 
turning yellow when ripe, firm of flesh, ~edium grain, juicy, 
sprightly sub-acid, good in quality and keeps until spring. 
The Colorado Orange in the Kyle orchard was crossed with 
Jonathan in 1908'; 110 trees grew in 19Q9, 93 of which were 
topworked in 1910 on stock trees previously mentioned. In 
1913, 91 of the original trees were planted in the orchard. 
For some unexplained reason, only 35 of these original trees 
were alive in the fall of 1913, and this number was further re-
duced to 24 by the fall of 1924 due to winter injury and other 
factors. Forty-one trees have fruited su~iciently for descrip~ 
~a . 
As nursery trees nearly two-thirds, 64;8 percent (table V) 
were rated as good I).nd very good at transplanting time. As 
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TABLE V. CLASSIFICATION OF SIZES AND GRADES OF COLORADO 
ORANGE X JONATHAN TREES IN 191'2 
Size Grade 
Caliper in No. Percen- No. Percen-
16th inehes trees tage Grade trees tage 
4- 6 4 4.4 I I Poor 6 6.6 
7- 8 14 15.4 I Fair 26 28.6 
9-10 17 18.7 I Gocd 47 51.6 
11-12 27 29.7 Very good 12 13.2 
13-14 19 20 .8 I ................. _-
15-16 6 6.6 I 
17-18 4 4.4 I· 
I 
Total 91 I 91 
orchard trees a rather high percentage lacked hardiness, since 
only 24 of the original 91 trees have survived. A few of the 
trees which remained were of good orchard habit and were 
vigorous and healthy. The progeny of this cross suggests that 
both parent varieties contribute dominant factors for lack of 
hardiness, but it is likely that one or both carry one or more 
factors for at least moderate hardiness. It is unlikely, how-
ever, that any trees of superior hardiness will be produced by 
this cross. 
The external characteristics of the fruits of the Colorado 
Orange x Jonathan seedlings are classified in table VI. From 
a comparison of the size of these seedling fruits with those of 
other Jonathan crosses it is evident that Colorado Orange car-
ries factors for good commercial sizes. Seventy percent rated 
medium, above medium and large. In the Colorado Orange x 
Jonathan cross it is apparent that there is a more favorable 
combination of the factors for size than was found to be true 
in the other crosses of Jonathan. 
In form there were only four seedlings which bore no re-
semblance to one parent or the other; 58.6 percent of the seed-
TABLE VI. CLASSlFICATION OF THE EXTERNAL CHARACTERISTICS OF 
COLORADO ORANGE X JONATHAN SEEDLING FRUITS 
Measure 
Large 
Abo"e 
medium 
Medium 
Below 
medium 
Small 
Size Form Color 
I Per- I 
No. I een- I 
fruits I tage 
I I Per- I Description No. I ceD- I Description 
I fruits I tage 
I I 
I I Resembling 
I I Colorado 
1 I 2.4 Orange 
I II Resembling 
12 I 29.3 Jonathan 
I I 
I I 
I I 
I I Resembling I Colorado 
24 I 58.6 I Orange 
I I I I Resembling 13 31. 7 I Jonathan 
I I Striped and 
16 I 39.0 I Oblong 
I I Conie 
9 I 22.0 Ribbed 
3 I 7 . 3 I 
I 2.4 I mottled 
, I "I 
I I Per-No. I een-
I fruits I tage 
I I 
I I 
I I I 3 I 7.3 
I I 
I 10 I 24.4 
I I I 28 68.3 
I 
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ling fruits resembled Colorado Orange; 31.7 percent resembled 
Jonathan. The non-parental forms observed were the oblong 
and the conic, one seedling appearing in the oblong class and 
three in the conic class. 
Two of the seedlings resembled Northern Spy in type of 
ribbing and cavity. The same type of cavity and ribbing also 
appeared in several seedling fruits of Colorado Orange x Allen 
Choice, suggesting a possible relationship between Colorado 
Orange and Northern Spy. 
No pure yellow seedling appeared in this cross. Altho three 
were classified as resembling Colorado Orange, they were more 
or less red-cheeked on the exposed side. Ten, or 24.4 percent, 
of the seedlings favored Jonathan in tone and type of color, 
but in most cases they did not carry as much total red as well 
grown Jonathan. Two-thirds of the seedlings resembled 
neither parent in color but were striped and mottled with a 
more or less attractive tone of red, which extended over one-
third to two-thirds of the surface. 
The fact that all seedling fruit of this cross carried some 
red color, is further evidence that Jonathan is probably homo-
zygous for the major factors for red skin color. If Jonathan 
carries factors for yellow, an occasional pure yellow seedling 
fruit would be expected when crossed with yellow varieties. 
The seedling fruits of this cross were all yellow fleshed. The 
classification of flesh characteristics shown in table VII indi-
cates that the progeny of this cross produced a high propor-
tion of firm and juicy fleshed fruits. In texture, 16 were rated 
as tender, 18 were medium, and 7 were tough. Medium and 
coarse grained seedlings appeared in equal numbers, constitut-
ing 82.9 percent of all the seedlings; and 17.1 percent were fine 
grained. In flavor, two sweet and one sour appeared, while 
36.6 percent were rated as mild sub-acid and 56.2 were spright-
ly sub-acid like the parents. The appearance of two sweet 
TABLE VII. CLASSIFICATION OF THE FLESH CHARACTERISTICS OF 
COLORADO ORANGE X JONATHAN SEEDLING FRUITS~ 
Color I Firmness I Texture I Grain Juice Flavor 
I '" S .. S S S 'tl +I"; ~ ..c " '8 ..c .~ $ 
" " " " Z! '" " 
* 
.!l' :;j oS! E :a 'tl :a bIl " I~ :a ;gl :c " ~ ~ " ~ .. <J '" ~A " 0 ~ " ~ " ·S " .. ~ ~ >< i£ ;:;1 rn ;:;1 i£ 0 .... ;:;1 Ci rn ;:;1~ rn " ., 
.. 
" 0 rn 
No. 
Per-
centage 
I I I I 01 411 24 17 1 0 I 161 18! 71 71 181 161 31 1 71 31 21 151 231 1 
I I I I I I I I I I I I I I I 
1100158. 6 41. 41 0 139.0143.9117.1117.1143.9 139.0175.6117.117.314.8136. 6156.212.4 I I I I I I I I I I I I I I 
Quality 
No. 
Percentage 
I Very good I Good I Fair I Poor---
I 7 I 15 I 17 I 2 I 17.1 I 36.6 I 41.4 I 4.9 I I I 
.138 
;r~BLl' VIII. CLASSIFICATION OF THE SEASON OF OOLORADO 
. ORANGE X JONATHAN SEEDLING FRUITS · . 
Season 
NO. 
Percentage 
:; ., . 
I I I Aug. I Sept.-Oct. 
I I 
I ! 3 
I -- -- ---- ---- I 7.3 
I I 
I I March and 
Nov.-Dec. I Jan.-March I .· Iater 
I I 
12 I 18 I 8 
29.3 I 43.9 " I\d j .. , 19.5 
.- ~ . : I ~ " . 
~ppi~~~\'~1>'port~)be assumption . tha~ bot~ ~~~'ietit;!~ ;,d~rry .one 
or more factors for 'sweet, sweet bemg receSSive but certamly 
not a simple recessive, Richness, , ~nd sprightliness of flavor, 
tough .. and coarse grained flesh were ' found together in a num-
bel' pi these seedling fruits. 
_ In 'quality, 17.1 percent of the fruits rated very good, 36.6 
percent good, 41.4 percent fair and 4.9 percent poor. 
In this cross 63.4 percent of the seedling fruits .were winter 
lllld late winter season, which is just the reverse of the situ-
ation found in the seedling fruits of Anisim x Jonathanwhere 
only 10 percent of the seedlings were of winter season .and 
none was of late winter season. Certainly Colorado Orange 
ca.rries as dominant most of those factors which produce late 
keeping apples. 
PRACTICAL RESULTS 
Two of the seedlings of this cross were marked for further 
trial and for further breeding experiments. One of these 
(Ames 463) is of very good quality, of attractive medium red 
color arid late winter season. Unfortunately the tree has 
proved to be seriously lacking in vigor. The fruit of the other 
(Ames 516) is very large, medium red striped, firm, sprightly 
&ub-acid, good quality and late winter in season. . 
. Results of this cross and of other crosses suggest that Colo-
rado Orange is worthy of further attention as a parent for 
breeding large fruited, firm fleshed, late keeping apples, but 
its failure to produce many hardy or high colored seedlings is 
a serious drawback to its use as a parent for the production of 
new varieties. 
ANISIM X JONATHAN 
Anisim is a hardy, productive Russian apple. The trees are 
vigorous, healthy and long lived in northern Iowa. The fruit 
is small but uniform in size and nearly covered with an at-
tractive bright red or carmine laid on witli an effect of obscure 
striping. The form is roundish conic but more or less dis-
tinctly irregular in general outline. The flesh is tinged with 
a yellow or a greenish color. It is tender, of medium grain, 
very juicy, sprightly sub-acid, of fair quality Rnd ripens in 
September. 
__ §_eventy-fiv~_ seedling trees were obtained from _ reciproca} 
139 
TABLE IX. CLASSIFICATION OF THE SIZE AND GRADE OF THE TREES OF 
ANISIM X JONATHAN IN 1912 
Size I Grade 
Caliper in No. Percen- I No. " :Percen-16th inches trees tage Grade trees tage 
4- 6 19 25.3 / Poor 16 21.4 
7- 8 17 22.7 I Fair 16 21.4 
9-10 21 28.0 I Good 38 50.6 
11-12 10 13.3 I Very good 5 6.6 
13-14 8 10.7 I .. , 
Total 75 I 75 
crosses made in 1906. Fifty-six trees were planted in orchard 
locations in 1912. Thirty-eight seedlings have fruited suffi-
ciently for description. 
With refeTence to size and vigor, 57 percent of the trees of 
this cross rated as good and very good. Some very fine vigor-
ous trees developed in the orchard, which appear to be equal 
in health and vigor to Anisim. Insofar as the inheritance of 
tree characteristics alone is concerned this cross is worthy of 
repeating. 
The outstanding external characteristics of the fruits of the 
Anisim x Jonathan crosses are classified in table X. Sixty-
three percent of the seedlings produced apples too small for 
gQod commercial fruits. In spite of the manifest dom~nan<;e 
of-small sizes, the appearance of one lar,ge fruited seedling and 
of three distinctly above medium amoilg the progeny indicate's 
that at least one and perhaps both parents carry factors for 
large size. , ', ' 
In. form approximately one-thIrd 'of the seedlings resembled 
each of the two parents quite distinctb: while one-thii-d varied 
considerably from both: The range b'f'variation was between 
distinctlY oblong conic forms at one extreme and oblate forms 
at the other. '1'he distinctiveness of the extreme variai1tsindi-
TABLE X. CLASSIFICATION OF THE EXTERNAL CHARACTERISTICS OF 
ANISIM X JQNATHAN SEEDLING FRUITS 
Size I Fot"m Colo~ .J 
I I Pel'- I I I Pel'- I \ I Per-Measure No. I cen- I Description I No, I cen- I Description No·1 cen-I fruits I tage I I fruits I tage I I fruitsl tage 
I --I-- I 
/ 
I I I I 
La"rge 1 I 
I Resembling I I Resembling I 
1 I 2.6 I Jonathan I 13 I 34.2 Jonathan I 12 I 31.6 
I I I I I I I I Above I I I Resembling I I Resembling I 
1 13.2 medium I 3 
/ 
7.9 Anisim I 12 I 31.6 Anisim /' I I I I I 
Medium 
I 
10 / 26.3 i Oblong I 4 I 10 . 5 I Red Striped I 20 / 52.6 I I I I 
Below I I I I I Yellow I I 
medium I 19 / 50.0 i Oblate I 9 I 23.7 I blushed red I 1 I 2.6 
I I I I ' I I Small I 5 1 13 . 2 I I I I I I I I I I I 
, 
AniSlm 
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G/227 
7/700 
Jonathan 
Fig. 5. Anisim x Jonathan. The seedling fruits of this cross varied in size from 
that of 6/227 down to as small as 7/ 700. In form 33.3 percent of the fruits resem-
bled Jonathan and 31.6 percent resembled Anisim, while 10.5 percent were oblong, 
as in 11 / 562 and 23.7 percent were oblate as in 16 / 227. . 
cates that one or both parents carry factors for form not ordi-
narily noticeable in the parents themselves. 
The classification for color is not wholly satisfactory. Both 
parents are of an attractive red color and nearly enough alike 
in coloring to make it impossible to classify the seedlings as 
resembling one and not the other. Even those classified as 
unlike either parent varied in the tone or pattern rather than 
in possessing a distinctly different color. It is significant, how-
ever, that no pure yellow apples appeared in. the progeny and 
that half of the seedlings clearly inherited the fine red color 
characteristics of their parents. 
In flesh characteristics, the seedling fruits varied from those 
of Anisim to that of Jonathan; that is, some fruits were like 
Anisim in nearly all respects, while others were distinctly like 
Jonathan. The flesh of one seedling fruit was like Jonathan 
in all respects. 
It seems evident that one OT both parents carry factors for 
both white and yellow flesh. Tender and juicy fleshed fruits 
predominated over the other classes, altho two distinctly tough 
fleshed and two dry fleshed seedlings appeared. In flavor the 
fruits varied from sweet to sour. Four fruits were sweet and 
No. 
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TABLE XI. CLASSIFICATION OF THE FLESH CHARACTERISTICS OF 
ANISIM X JONATHAN SEEDLING FRUITS 
Color Firmness Texture Grain 
~ e ... 
\ 
e 
..c e .~ " ~ " " oS C :;; .., ~ '" '" ~ ..c -.; ~ '" .... " ~ " 0 ~~ >< ;:;: rfJ I ;:;: ~ ;:;: 
1 1 1 1 1 1 1 
'" E 
.. 
0 
" 
1 5 I 33 I 16 1 22 I 1 1 o 21 1 15 1 2 1 7 1 24 1 7 
1 1 1 1 1 1 
Percentage 
1 1 1 1 1 
1 13.2 1 86.8 1 42 . 2 1 57.8 1 o 1 55.2 1 39.5 1 5.3 1 18.4 1 63.2 1 18 . 4 
I Juice I Flavor 1 Quality 
:s '" 'B e -"" t·~ 0 
" 
.., ... 
'" 
'" ~ '" ;gl '" '" "" .. ~ .~ '" '" .~ .b " ... 0 
" 
;:;: ... ~ ;:;:~ "-" 0 " 0 
.; 
.... ~ rfJ rfJoo rfJ > 
" 
r.. P< 
1 1 1 
No. 1 22 1 14 1 2 1 4 1 17 1 15 1 2 1 4 1 15 1 19 1 0 
Percentage 157.9 1 36.8 1 5.3110.5144.7139.5 1 5.3110.5139.5 1 50.0 1 0 
1 1 1 1 1 1 1 1 I 1 1 
two were sour while 17 were mild sub-acid and 15 were spright-
ly sub-acid. It appears that one or perhaps both parents carry 
factors for both sweet and sour. In quality, 10.5 percent of 
the seedlings rated very good, 39.5 percent good and 50.0 per-
cent fair. · On a quality basis alone this is a good showing. 
The major portion, 73.7 percent, of the seedling fruits of 
the Anisim X Jonathan progeny were of fall and early winter 
season. Four seedlings were ripe in August and six were of 
winter season. If a larger number of seedlings had fruited, a 
very late keeping apple might have appeared, but undoubtedly 
the majority of all seedlings of this cross would be of fall and 
early winter season. 
PRACTICAL RESULTS 
One of the seedlings of Anisim x Jonathan, numbered Ames 
426, appears worthy of trial in northern Iowa. It is much 
larger than either parent, is unusually attractive in its deep 
red color, fair in quality and keeps until December. Ames 426 
and one other seedling of this cross have been used for further 
breeding because of certain desirable characteristics. 
Both Jonathan and Anisim are attractive nearly solid red 
No. 
TABLE XII. CLASSIFICATION OF SEASON OF ANISIM X JONATHAN 
SEEDLING FRUIT 
1 1 1 March and 
1 August I Sept.-Oct. Nov.-Dec. Jan.-March 1 later 
1 I 1 
1 4 1 13 15 6 1 0 
Percentage 1 10 .5 I 34.2 39.5 15.8 1 0 1 1 
1 1 I 
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17/ 242 
Roman Stem Juflathan 
@ c~ <08/242 14 /2.4L " 
241242 
Fig. 6. The seedling fruits of Roman Stem x Jonathan · varied in s ize from above 
medium as in 77 / 242 down to .mall as in 74 / 242. In form 32.3 percent resembled. 
Roman Stem and 32.3 percent resembled Jonathan, while "9.6 percent were oblong ' as 
in 68 / 242. 9.6 percent were oblate as in 24/ 242. and 12.9 percent were more dis-
tinctly conic than either parent. 
apples. Fruits having superior r ed color appeared more' fn;-
quently in this cross than in any other combination of Jona-
than. 
ROMAN STEM X JONATHAN 
Roman Stem is hardier than Jonathan, healthy and vel:Y 
productive. The fruit averages medium to below medium in 
size, is roundish, with lipped cavity, yellow or greenish-yellow 
and often blushed with brownish red. The flesh is very tender, 
pale yellow,. medium grain, moderately juicy, mild sub-acid, 
good to very good in quality and of November-December 
season. . 
Roman Stem was crossed withJ onathan in 1906; 99 trees' 
grew in 1907; and 58 of the original trees reached the orchard 
in 1912; 36 of these wer e surviving in 1923. Thirty-one l?!l-ed-
lings bore fruit for description. ..' " 
Trees of this cross at five years of age were low in average 
size and vigor. As shown in table XIII only 31.3 percent 
rated as good and very good trees. This general lock of vigor 
follo\\red the trees thruout their life in the orchard, with the 
r esult that few of them showed desirable vigor and good or-
chard habit when mature. 
rrhe fruits produced by the seedlings of Roman Stem x J ona-
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TABLE XIII. CLASSIFICATION OF SIZES AND GRADES OF ROMAN 
STEM X JONATHAN SEEDLING TREES IN' 1912 
Size Grade 
Caliper in 1 No. Percen- No. Percen-
16th inches 1 trees tage Grade trees tage 
1 I Poor - 4 1 29 29.3 41 41.5 
5- 6 1 26 26.2 1 Fair 27 27.2 
7- 8 1 31 31,4 1 Good 30 30.3 
9-10 1 12 12,1 I ~~~~ .. ~.~<><i .... 1 1.0 11-12 1 1 1,0 
. 1 1 
Total 1 99 1 
" 
••••••••••••••••••• <. 99 
than were generally lacking in good commercial size. Less 
than 30 percent were medium and only one bore fruit above 
medium. Seventy-one percent were below medium or small, 
four being no larger than E,yslop. This evidence supports the 
assumption that Roman Stem does not carry those size factors 
which supplement the size factors of Jonathan to make for 
large fruit size. 
. In form, approximately one-third of the ' fruits resembled 
Roman Stem, one-third resembled Jonathan, and the other one-
third resembled neither parent. Of this latter one-third, fOllr 
were oblate, four conic, and three were oblong in form. Ten 
seedling fruits bore the "lipped" cavity similar to that of 
Roman Stem. 
Superior or attractive colors failed to appear in the seed-
lings of this cross. The color tones were generally dull, un-
attractive and more or less diluted. None of the thirteen s'eed-
lings which resembled Jonathan carried as much good red as 
Jonathan. The four seedlings which resembled Roman Stem 
in color bore a pinkish blush, such as often appears on that 
variety. Eight seedlings were red striped, four were blushed, 
and two were self-colored with dull red. 
Whether or not Roman Stem carries factors for red color 
TABLE XIV. CLASSIFICATION OF THE EXTERNAL CHARACTERISTICS OF 
ROMAN STEM X JONATHAN SEEDLING FRUITS 
,: Size Form Color 
'I I Per- I----=--::c:;::.j "---'I -=Pc-e-r_-7I-----'--"-7I"---TI --oP=-e-r~' 
Measure No. 1 cen- 1 Description , No. 1 cen- 1 Description I No. ' cen-
_____ fruits , tage , . 1 fruits l' tage 1 ',: , fruitsr tage' 
Large 
Above 
medium 
Medium 
Below 
medium 
Small 
I I 1 I 1 '\ 1 I Resembling I 1 I Resembling 1 , 
........ 1 ........ 1 Roman Stem 10 1 32.3 Roman Stem 1 12.9 
I I I I I I' I 1 Resembling 1 1 Resembling 1 1 
. 1 1 3.2 '1 Jonathan I 10 1 32.3 1 Jonathan I 13 1 41.9 
I' . I I I 'I 
8 I 25.8 1 Ob'ate 1 4 1 12.9 1 Red Striped 1 8 1 25.8 
1 1 I 1 1 I I 
1 I I I 1 1 1 18 1 58.1 Oblong 3 1 9.6 1 Blushed I 4 1 12.9 
1 1 I I 1 1 1 
4 1 12.9 1 Conic 4 1 12 .9 I Dull red 1 2 I 6.5 
1 1_ 1 I 1 I' 
144 
TABLE XV. CLASSIFICATION OF FLESH CHARACTERISTICS OF 
ROMAN STEM X JONATHAN SEEDLING FRUITS 
Color I Firmness I Texture Grain Juice Flavor 
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I \ I I I I I I I I I I I 
No. 0 / 31 110 120 !1 116 7 I 8 13 /17 III III 118 I 2 I 1 119 110 I 1 
Per- I I I I I I I I I I I I I I I 
centage 1100132.2164.613.2151. 6122 .6125 .819.7 154. 81 35.5135 . 5/58 .01 6 . 51 3.2161. 4132.21 3.2 
I I I I I I I I I I I I I I I 
Quality I Very good I Good I Fair I Poor 
No. 1 I 11 I 13 I 6 
I I I 
Percentage 3.2 I 35.5 I 42.0 I 19.3 
I I I 
is not clear, but it seems certain that it does not carry factors 
for attractive red. 
, All the seedling fruits of this cross were yellow fleshed. The 
notable fact about the internal characteristics of these fruits 
was that superior quality was lacking in all except one. This 
seedling, however, was deficient in other desirable character-
istics. Half of the fruits were tender in texture, and slightly 
more than half were medium juicy. In flavor slightly more 
than 60 percent were mild sub-acid, 32 percent were sprightly 
sub-acid, while one seedling was sweet and one was distinctly 
sour. 
The fruits of this cross present a comparatively narrow 
range of variation in season since neither summer nor late 
winter fruits appeared. 
PRACTICAL RESULTS 
The seedling fruits produced by Roman Stem x Jonathan 
condemn the cross from nearly every horticultural standpoint. 
As desirable seedlings appeared in many other Jonathan com-
binations, it must be concluded that Roman Stem rather than 
Jonathan transmitted to these progeny the undesirable char-
acters. Stated in another way, Roman Stem did not introduce 
those factors which are needed to improve or supplement those 
carried by Jonathan. 
TABLE XVI. CLASSIFICATION OF SEASON OF ROMAN STEM X JONATHAN 
SEEDLING .FRUITS 
Season Sept.-Oct. I Nov.-Dec. Jan.-March 
No. 2 I 21 8 
I 
Percentage 6.4 I 67. 8 25. 8 
I 
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Fig. 7. Winesap x Jonathan tree on left shows characteristic habit of growth of 
this line of breeding. The tree on the right is Colorado Orange x Jonathan; it shows 
the twiggy, spreading habit. a characteristic of this line. 
WEALTHY X JONATHAN 
Wealthy is perhaps the leading apple of its season in many 
sections of the United States. It is reliably hardy in any part 
of Iowa and is the standard variety in Minnesota and other 
northern apple sections. In central and northern Iowa it at-
tains good size, good red color and good quality. The tree is 
moderately vigorous and very productive. It occasionally 
suffers trunk and crotch injury from low temperatures and is 
subject to fire blight. However, its many good characteristics, 
both in tree and fruit , commend it to the apple breeder. In 
Iowa the fruit averages from medium to large in size, is oblate 
conic in form, two-thirds or nearly covered with a bright red 
to carmine with a striped and mottled effect. The flesh is 
TABLE XVI. CLASSIFICATION OF SIZES AND GRADES OF 
WEALTHY X JONATHAN SEEDLING TREES IN 1912 
Size Grade 
Caliper in No. Percen- No. Percen-
16th inches trees tage Grade trees tage 
- 4 6 31.6 I Poo~ 9 47.4 
5- 6 2 10.5 I Fair 1 5.2 
7- 8 1 5. 3 I Good 7 36.9 
9-10 3 15 .8 I ~~~~~~~~ -- 2 10. 5 11-12 4 21.0 
13-14 2 10.5 I 
15-16 1 5.3 I-
I 
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TABLE XVII. CLASSIFICATION OF THE EXTERNAL CHARACTERISTICS OF 
WEALTHY X JONATHAN SEEDLING FRUITS 
Size Form I Color 
I No. 1 I No. 1 I No. 
Meas ure I fruit sl Description I fruits l Description fruIts 
I I I I I 
Large I I Resembling Wealthy I 4 I Resembling Wealthy I 
I I I I I 
Above medium I 3 I Resembling J onathan l 3 I Resembling Jonathan I 
I I I I I 
Medium I 2 I I I Medium red stripe I 
I I I I I 
Below medium I 2 I I I I 
I I I I I 
Small I I I I I I I I I 
medium firm, nearly white, medium grain, tender, juicy, 
sprightly sub-acid, very good and its season is September. 
Wealthy was crossed with Jonathan in 1906. Twenty-one 
trees grew, of which 19 were topworked in 1909, and 12 of the 
original trees were planted to orchard locations in 1912. Fruit 
from seven seedlings have been described. 
Regardless of the fact that a number of good trees appeared 
in this cross, the general run of the Jonathan x Wealthy seed-
lings lacked size and vigor both in the nursery and the orchard. 
It is possible that Jonathan and Wealthy are lacking the 
same vigor factors and when brought together do not produce 
a high percentage of vigorous, sturdy trees. The number of 
trees here observed is small, but the results suggest such a 
condition with respect to vigor. Both parents have produced 
satisfactory trees in other combinations. 
There were too few fruits produced by this cross to warrant 
any statements as to the genetic makeup of the parents. Inso-
far as external characteristics are concerned, the few seedlings 
produced indicate that a goodly percentage of the fruits of 
this cross might be expected to be of good commercial size, 
and that a high percentage would resemble the parents in form 
and in color. Nearly all of these seedlings were of highly 
attractive red color. 
White flesh color, toughness and coarse grain cropped out 
in some of the seedling fruits as indicated in table XVIII. 
TABLE XVIII. CLASSIFICATION OF THE FLESH CHARACTERISTICS OF 
WEALTHY X JONATHAN SEEDLING FRUITS ' 
I Color Firmness I Texture I Grain I Juice I Flavor I Quality 
.§ I ~ I I '" '8 s s S I :E -;3'0 ~ ~ '" ,c'- o. E 
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\ I I I I I I I I I I I I I I I I I I I I I No. 1 I 6 I 2 I 5 I 0 I 5 I 0 I 2 I 0 3 I 4 I 4 I 3 I 0 I 0 I 2 I 5 I 0 1 2 3 1 1 
I I I I I I I I I I I I I I I I I I I 
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TABLE XIX. CLASSIFICATION OF THE SEASON OF WEALTHY X JONATHAN 
SEEDLING FRUITS 
Aug. Sept.-Oct. Nov.-Dec . Jan.-March March 
o o 
The variation in quality runs from very good to poor. It ap-
pears that both parent varieties carry those factors which may 
combine to produce very good quality and those which pro-
duce poor quality. . 
Altho but seven seedlings were observed, the fact that six 
ripened in Wealthy season and the seventh not much later, 
might warrant the assumption that the Wealthy X Jonathan 
cross would rarely produce anything but fall apples. 
Practical Results. One seedling, Ames 413, produced fruit 
identical with Jonathan in color and quality, combined with 
the size, form and season of Wealthy. This is further evidence 
that a certain group of characters of one parent may occa-
sionally remain together in the progeny. 
This cross produced good red color, good size and good qual-
ity fruit, but the trees were generally deficient in desirable 
vigor. 
PATTEN NO. 20 X JONATHAN 
The female parent of this cross is an open pollinated seed-
ling of Patten Greening, which was originated and grown by 
the lateChas. G. Patten at Charles City, Iowa. In 1908, thru 
the cooperation of Mr. Patten, the Patten No . 20, among other 
varieties, was crossed with Jonathan. Patten No. 20 was used 
because it showed a considerable degree of hardiness. Un-
fortunately no descriptions of the tree and fruit were ever 
made, the tree being removed prior to the time that the state 
acquired the Patten fruit breeding tract in 1917. 
In 1909, 11 seedling trees of this cross grew, 10 of which 
reached the orchard in 1913. When transplanted, six trees 
graded very good, two good, one fair and one poor. Six of 
the seven trees remaining in the orchard have fruited . 
Since only six seedlings of this cross fruited, the following 
brief descriptive statements are included instead of presenting 
the data in tabular form. 
Size: Three of the seedling fruits were of medium size, and 
three were below medium. 
Form: Three of the seedling fruits resembled Jonathan in 
form, one was distinctly conic, one was roundish oblong, and 
one was oblate. 
Color: Four of these fruits favored Jonathan in tone and 
type of color, one was striped and mottled with red, and one 
was green with red blush. 
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Flesh: All the seedlings had yellow flesh, three were tender 
and three medium; one was fine grained; three were medium, 
and two were coarse; three were juicy, and three were medi-
um juicy; two were mild sub-acid, three were sprightly sub-
acid, and one was sour. Three rated good quality and thrce 
fair. 
Season: Two were November-December in season, and four 
were January-March in season. 
Practical Results. As one of the seedling fruits of this cross 
distinctly resembled Jonathan in size, form, color, quality and 
season, it is hoped that the cross furnishes some evidence that 
the hardiness so often linked with fall season and character-
istic of Patten Greening seedlings may be transmitted inde-
pendently of season. 'l'his is of interest since such combina-
tions of characters have seldom appeared in a first generation 
out-cross. 
WINESAP X JONATHAN 
Winesap is a leading late winter apple in many parts of the 
United States. The tree in Iowa is about half hardy and is 
not well adapted in the northern two-thirds of the state. In 
southern Iowa it is productive, but the fruit is often deficient 
in size. 'l'he fact that it is a late keeping, red apple of high 
quality commends its use for breeding for late keeping apples. 
The seeds produced by this cross were borne in 1909, and 
in 1910, 25 trees grew, 21 of which reached the orchard in 
1915. In 1924, 13 of the original trees were still alive. Gird-
ling by mice was responsible for the death of five trees, while 
winter injury and other causes accounted for the balance 
which failed. 
N early all of the trees of this cross lacked good orchard 
habit. Of the 13 which remained in the orchard, 9 were up-
TABLE XX. CLASSIFICATION OF THE EXTERNAL CHARACTERISTICS OF 
WINESAP X JONATHAN SEEDLING FRUITS 
Size Form I Color 
I No. I I No.1 \ N" Measure I fruits l Description ! fruits I Description fruits 
I I R eaembling' I I Resembling I I I Large I Winesap I Winesap I I I 
Above I I Resembling I Resembling I medium I Jonathan I Jonathan I Roundish I I I I I Medium I I 10 I * mottled and 1 4 
I I I I selfed red I I I I I * dull dark Below I I I 
medium I 1 I I I selfed red I 3 
I I I I I I I I Yellow 
I Small I 8 I I I bronze blush 3 I I I 
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TABLE XXI. CLASSIFICATION OF THE FLESH CHARACTERISTICS OF 
WINESAP X JONATHAN SEEDLING FRUITS 
Color I Firmness I Texture I Grain I Juice I Flavor I Quality 
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right and more or less leggy in habit of growth, and 4 were 
spreading in habit. Ten of the seedling trees have borne fruit. 
While only 10 seedling fruits of Winesap x Jonathan were 
described a certain uniformity of performance in the progeny 
is extremely interesting. The fact that 8 of 10 fruits of this 
cross were small in size is highly sug'gestive that Winesap and 
Jonathan when crossed can be expected to produce a high 
percentage of fruits of small size. Most remarkable, tho, is 
the uniformly roundish form observed in all 10. The roundish 
effect was emphasized because of shallow narrow cavities and 
basins in all the fruits. Three fruits had lipped cavities. The 
non-appearance of parental form types is unusual and un-
expected. 
The same situation with respect to parental color types ap-
peared, in that none of the fruits resembled either one of the 
parent varieties. All of the seedlings bore fruit with more or 
less red color; four 'were about three-fourths covered with a 
bright, medium tone of red laid on in a more or less mottled 
fashion; three were dull with rather dark red over about 
three-fourths the surface; and three were yellow with a dis-
tinct bronze-like blush on the exposed side. 
Here is a case where both parent varieties rate high in qual-
ity, yet their progeny insofar as is revealed by this study all 
lack high quality. 
'roughness, coarseness and a lack of juice appeared in these 
seedlings. The flavors ranged from sweet to sprightly sub-
acid, with seven out of the ten rating as mild sub-acid. In 
quality, nothing of interest appeared. Two fruits rated good, 
six fair and two poor. 
One of the seedling fruits was of September-October season, 
six were November-December, and three were of January-
March season. 
Practical Results. The high quality of both parents natur-
ally suggests that the combination should produce at least a 
few apples of high quality. As Jonathan and Winesap in sev-
eral other combinations proved to be valuable parents, it seems 
likely that both Jonathan ' and Winesap are lacking in the 
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Fig. 8. Walbridge x Jonathan. The protruding apex was evidently transmitted 
by Walbridge. It was found in no other Jonathan combination. 
same heritable factors involved in the transmission of desir-
able fruit characteristics and, therefore, cannot supplement 
each other to produce desirable size, color or quality in the 
seedling fruits. 
WALBRIDGE X JONATHAN 
The seeds of this cross were borne in 1902. In 1907 22 trees 
were planted in the orchard, all of which were used as stock. 
These were budded to seedlings of other crosses in 1909. In 
each case one or more branches of the stock trees were saved 
for fruiting purposes. Fourteen of the seedling trees have 
. borne fruit. 
About all that can be said of Walbridge is that it is recog-
nized as a reliably hardy tree in all parts of Iowa. The fruit 
is medium size, oblate conic, green overspread with a striping 
and mottling of thin red. 'l'he flesh is very firm, coarse, tough, 
juicy, mild sub-acid, fair in quality and the fruit keeps until 
spring. 
Since only 14 seedlings of this cross have fruited only very 
general statements as to the factors of inheritance are made. 
It is noteworthy that none of the seedling fruits was large; 
only two were above medium in size. The rest of the fruits 
ranged from medium to small. 
Nine of the fourteen fruits resembled Walbridge in general 
form, two resembled Jonathan, one was distinctly conic, one 
was oblate, and one was round with a protruding apex. This 
apex variation was not observed in any of the seedling fruits 
produced by other crosses, which suggests that Walbridge car-
ries the factors for this peculiar characteristic. 
Walbridge stamped its tone and type of color on 10 of the 
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TABLE XXII. CLASSIFIGATtOW OF THE EXTERNAL CHARACTERISTICS OF 
WALBRIDGE X JONATHAN SEEDLING FRUITS 
Size Form Color 
Measure 
I No. 1 
fruits I Description 
I No. 1 
I fruits l Description I No. fruits 
I 
I I I I Resembling I Resembling 
Large I Walbridge D I Walbridge I 
10 
I I I 
Above I I Resembling I Reseh bling 
medium I 2 I Jonathan Jonathan I 
I I I I I I I Medium I . 5 I Conic 1 I %, dull red 
I I I mottled 
I I I 
Below I I Round. protruding I Yellow with slight 
medium 1 4 apex I blush 
1 1 I 
Small I 3 1 Oblate 1 I I I 
seedlings. Only two of the seedling fruits were noted to favor 
Jonathan, and both of these lacked the good red color of well 
colored Jonathan. One seedling fruit was self-colored with 
dull red and one was yellow with reddish blush. No pure yel-
lows appeared. Since no solid reds appeared in any seedling 
fruit, it seems likely that the factors necessary for the produc-
tion of solid reds are not carried by Walbridge. 
'1'he outstanding and perhaps dominant characteristics of 
the seedlin g fruits of Walbridge x Jonathan are firmness and 
toughness of flesh, coarse grain, poor quality and late keeping. 
Without doubt these characteristics were transmitted largely 
by .the Walbridge parent, a supposition which is borne out by 
a study of the other lines of breeding in which Jonathan was 
one parent. The appearance of four sweet flavored apples to 
four mild sub-acid and six sprightly su~-acid approximates 
a 3 :1 ratio of acid to sweet. It is not unlikely that Walbridge 
carries factors for sweet as well as for sub-acid. None of the 
seedling fruits of this cross was of superior qnality. '1'hree 
'were marked forlurther breeding, but none was marked for 
commercial trial. 
Seven of these seedlings were of January-March season, and 
seven 'were in season from March to late spring. 
TABLE XXIII. CLASSIFICATION OF THE FLESH CHARACTERISTICS OF THE 
SEEDLING FRUITS OF WALBRIDGE X JONATHAN 
No. 
fruits 
Color I Firmness I Texture I Grain I Juice Flavor I Quality 
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TABLE XXIV. CLASSIFICATION OF THE EXTERNAL CHARACTERISTICS OF 
THE SEEDLING FRUITS OF JONATHAN UNGUARDED 
Size Form Color I No. 1 I No. 1 I No, 
Measure fruits l Description I fruils l Description I fruits 
1 I I 1 
1 I Resembling 1 1 Resembling 1 
Large I Jonathan I 4 I Jonathan 1 4 1 I Oblate 1 1 Above medium I 1 3 Red striped I 
1 I Conic 1 1 Medium I 1 2 I Dull red 1 I Oblong 1 I Below medium 1 I I I 1 
Small 1 2 I 1 I 1 1 
Practical Results. The seedlings which fruited indicate that 
this cross may be expected to produce a large percentage of 
worthless fruits. The data suggest strongly that Walbridge 
is dominant for factors which produce unattractive color, for 
firmness and toughness of flesh, coarse grain, poor quality and 
late season. 
JONATHAN UNGUARDED 
Fifteen open pollinated seedlings of Jonathan were placed 
in the orchard in 1906 for use as stock upon which to topwork 
other cross-bred seedlings. In each case one or more branches 
of the tree was permitted to come into fruiting. Ten of these 
seedling trees have fruited. 
One of the seedling fruits of Jonathan unguarded was dis-
tinctly like Jonathan in color and resembled Jonathan in flesh 
characters but averaged larger than Jonathan in size. It was 
marked for further trial. 
The data shown in the tables are presented without comment 
since open pollinated seedlings may be the product of as many 
TABLE xxv. CLASSIFICATION OF THE FLESH CHARACTERISTICS AND 
SEASON OF THE SEEDLING FRUITS OF JONATHAN UNGUARDED 
No. 
No. 
Color 1 Firmness I Texture 1 Grain 
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different pollen parents as there are individuals in the pro-
geny. 
Practical Results. Two seedlings of this progeny were 
given Ames numbers, one was marked for further trial and 
the other for breeding. These two seedlings were of desirable 
quality, excellent size, and the trees of both were vigorous and 
apparently superior to Jonathan in hardiness. 
STAYMAN X JONATHAN 
In 1908; six trees of this cross grew from seeds produced the 
previous year. None of these trees lived to produce fruit. 
Only two were still alive in 1912, one of these died in 1913 and 
the other in 1915. Since only six seedlings were secured, the 
data are too meager to be of much significance, yet there is a 
strong suggestion that this combination produced trees which 
were seriously lacking in vigor and hardiness. 
MOUNTAIN BEET X JONATHAN 
Four trees of this cross grew in 1908 and four more were 
produced the following year. The eight original trees pro-
duced by this cross were all weak and none of them ever bore 
fruit. Two of the eight were graded" good" at planting time, 
but all the trees were dead at the end of five years. One of 
the topworked seedlings survived to bear a few fruits which 
were not described. The remainder of the other topworked 
trees failed entirely. 
BLACK BEN DAVIS X JONATHAN 
Seed of this cross were borne in 1907. Five seedlings grew 
the following year and in 1912 all of them graded "good" as 
nursery trees and were planted in the orchard. Four have 
borne fruit. So few seedlings warrant only the following 
brief statements as to the fruit characteristics. 
Size: Three were medium and one was below medium. 
Form: All four resembled Jonathan in general form, one 
being somewhat inclined to oblong. 
Color: All were self-colored from two-thirds to nearly solid 
red. 
Flesh: All were yellow fleshed, one was tender, three were 
firm fleshed , one was fine grained, and three were coarse 
grained like Ben Davis, all were juicy, and all were sprightly 
sub-acid. 
In quality none was equal to Jonathan, but three were noted 
to be better than Ben Davis. In season one was ripe in De-
cember, two kept until March, and one was later than March. 
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Fig. 9. Grad2 of treL--9. This graph shows the relative influence of Anisim, Colo-
rado Orange, Roman Stem and Salome when crossed w ith Jonathan upon the grade 
of the trees at five yea rs of age. (a) Salome x Jonathan; (b) Colorado Orange x 
Jonathan; (c) Anisim x Jonathan; (d) Reman Stem x Jonathan. 
DELICIOUS X JONATHAN 
Delicious was crossed with J onathan in 1909, and the follow-
ing year seven trees grew, five of which reached the orchard 
in 1915. By 1924 only two trees remained in the orchard, on e 
of which has fruited several years . The fruit of this seedling 
was about medium in size and resembled Delicious markedly 
in form. The c.olor was a hi ghly attractive deep Ted "as in well 
colored Jonathan. The flesh was yellow, coarse, toughish, mod-
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erately juicy, very mild sub-acid, rich, aromatic and good in 
quality but not equal to either parent in this respect. Its sea-
son was January to March. It is being used for further breed-
ing because of its fine color and its parentage. 
SHERIFF X JONATHAN 
This cross was made in 1907. Only three seedling trees 
were grown, all of which were planted to orchard locations· 
and also topworked to other stock. The original trees suffered 
winter injury and all three of them were weak. One tree pro-
duced in 1922 a few fruits which were small, roundish oblate, 
red and of winter season. 
DISCUSSION OF RESULTS 
The accompanying graphs show the influence of Salome, 
Colorado Orange, Anisim, and Roman Stem, when crossed 
with Jonathan, upon the progenies with respect to grade of 
trees at five years of age, size of fruit, flavor, quality and sea" 
son. These progenies were selected for these graphic studies 
because the number of trees successfully fruited consisted of 
not less than 30 seedlings. The graphic studies indicate the 
extent to which these four varieties may be depended upon to 
transmit their horticultural characteristics. 
Fig. 9 shows the percentage of very good, good, fair and 
poor trees at five years from seed produced by these four 
crosses. Colorado Orange leads in the percentage of very good 
and good trees, while Roman Stem produced by all odds the 
poorest lot of trees of the four combinations. Anisim appears 
to be slightly superior to Salome in transmitting very good 
and good trees. It is somewhat doubtful, however, whether 
the relative size and vigor of the trees as determined at plant-
ing time is a reliable index as to what may transpire later in 
the orchard. Colorado Orange x Jonathan trees suffered se-
vere Idsses that appear to have been the result of inherent 
weaknesses, which did not hecome apparent until later. 
Fig. 10 shows the hereditary influence of the above varieties 
upon the size of the seedling fruits. Colorado Orange is the 
largest fruited variety of the four, followed in size by Salome, 
Roman Stem and Anisim. The seedling fruits of Colorado 
Orange x Jonathan are on the average larger than those of 
the other three combinations. Salome likewise produced fruits 
which were on the average larger than those produced by Ro-
man Stem and by Anisim. There appears to be little differ-
ence in the gametic constitution of Roman Stem and Anisim 
with respect to size factors. It is to be noted, however, that 
Anisim x Jonathan produced one seedling much larger than 
either parent. The evidence as pictured in Fig. 10 supports 
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F ig. 10. Size of fruit. This graph shows the relative influence of Anisim, Colo-
rado Orange, Roman Stem and Salome when crossed with Jonathan upon the per-
centage of seedling fruits which were large, above medium, medium, below medium 
and small. (a) Salome x Jonathan: (b) Colorado Orange x Jonathan ; (c) Anisim x 
Jonathan; (d) Roman Stem x Jonathan. 
the assumption that Anisim, Roman Stem and Salome when 
crossed with J onathan introduce those factors which result 
in a high percentage of fruit sizes below desirable commercial 
size. Colorado Orange, on the other hand, appears to transmit 
those factors which result in good commercial fruit sizes. 
Fig. 11 shows the influence of the four parents upon the 
flavor of the seedling fruits of Jonathan. In the Salome x 
Jonathan cross the relationship of sweet to acid approaches a 
3 :1 ratio, while in the other combinations, less than 10 percent 
were sweet apples. A complex condition with respect to the 
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Fig. 11. Flavor of fruit. Relative influence of Anisim, Colorado Orange, Roman 
Stem and Salom-e when crossed with Jonathan upon the percentage of fruits pro-
duced which were sweet, mild sub-acid. sprightly sub-acid and sour. (a) Salome x 
Jonathan; (b) Colorado Orange x Jonathan; (3) Anisim x Jonathan; (d) Roman 
Stem x J onathan. 
number of determiners which fix the amount of acid, or the 
lack of it, evidently exists in the parent varieties. While the 
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Fig. 12. Quality of fruit. Relative influence of Anisim. Colorado Orange, Roman 
Stem and Salome when" crossed with Jonathan upon the percentage of fruits pro-
duced which rated very good, good, fair and poor in quality. (a) Salome x Jonathan; 
(b) Colorado Orange x Jonathan; (c) Anisim x Jonathan; (d) Roman Stem x Jona-
than. 
Salome x Jonathan cross produced more sweet apples than did 
any of the other three combinations of Jonathan, it produced 
fewer mild apples and next to Colorado Orange it profluced 
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the highest percentage of sprightly sub-acid apples. Sour' 
apples appeared in approximately equal numbers in all the 
combinations. The Roman Stem x Jonathan cross produced 
the highest percentage of mild flavored apples and the lowest 
percentage of sprightly sub-acid apples, while the Colorado' 
Orange cross produced a higher percentage of sprightly sub-
acid apples than did the other three combinations. 
Fig. 12 shows the percentage of fruits of four crosses of 
Jonathan which rated very good, good, fair and poor in qual-
ity. It is evident that Salome and Anisim are both superior 
to Colorado Orange and Roman Stem as carriers of quality. 
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Fig. 13. Season of fruit. Relative influence of Anisim, Colorado Orange, Roman 
Stem and Salome when crossed with Jonathan upon the percentage of fruits falling 
into the various seasons . (a) Salome x Jonathan; (b) Colorado Orange x Jonathan ; 
(e) Anisim x Jonathan; (d) Roman Stem x Jonathan. :i~ ~ 
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Roman Stem produced a higher percentage of inferior seed-
ling fruIts than any of the other crosses. 
The seasons of the different progenies vary directly with the 
seasons of the four parent varieties, as shown by Fig. 13. In 
this study, Anisim, a summer apple, produced the highest per-
centage of summer and fall and early winter apples when 
crossed with Jonathan, while both Salome and Colorado 
Orange (late winter varieties) produced a high percentage of 
winter and late winter apples. Roman Stem seedlings grouped 
around Roman Stem season; the range of variation in season 
was narrower here than in any of the other three combinations, 
while the range of variation was perhaps widest in the progeny 
of Salome x Jonathan, where a few early apples cropped out 
and where approximately 7 percent were late keepers. 
With reference to color inheritance, the evidence so far as 
these studies have gone indicates the value of crossing two red 
varieties, if progeny of superior red color is desired. Anisim 
and Wealthy when crossed with Jonathan produced a number 
of red apples of superior color. However, Winesap x Jona-
than did not follow this principle and failed to produce any 
seedlings of superior red color. Colorado Orange and Roman 
Stem, both yellow apples, when crossed with Jonathan pro-
duced a high percentage of medium red and dull unattract-
ively colored fruits, but no pure yellow fruits appeared. Sa-
lome, a red striped apple, when crossed with Jonathan pro-
duced a much higher percentage of well colored, attractive 
fruits than did Colorado Orange or Roman Stem. 
The firm fleshed varieties produced a larger percentage of 
firm fleshed seedling fruits than did the less firm fleshed sorts. 
Salome and Oolorado Orange crossed with Jonathan produced 
55.8 and 58.5 percent, respectively, of firm fleshed fruits as 
against 32.2 and 42.2 percent for Roman Eitem and Anisim 
when crossed with Jonathan. Likewise Anisim and Roman 
Stem produced 55.2 and 51.6 percent, respectively, of tender 
fleshed apples as against 43 percent for Salome and 39 percent 
for Colorado Orange. In grain, the same scheme of inherit-
ance operated. Colorado Orange is perhaps the coarsest 
grained variety of the four under consideration. When crossed 
with Jonathan, 39 percent of the seedling fruits were coarse 
grained. Salome produced 24.3, Anisim 18.4, and Roman Stem 
35.5 percent of coarse grained apples. Roman Stem in this 
instance failed to produce as high a percentage of fine grained 
apples as might be expected. 
Taking all of the flesh characteristics into account, the 
Salome x Jonathan produced a higher percentage of desirable 
seedling apples than did any of the other varieties. Colorado 
Orange and Anisim follow in order, and Roman Stem produced 
no fruits of value. 
